For the Caspian Sea region an analysis is given of the relationship between gas field parameters for the near-surface lithospheric layer, hydrosphere and surface atmosphere. Strong distinctions were established between mobile, highly dislocated, folded regions and tectonically stable ancient cratons, linked through tectonic control on the intensity and distance of subvertical migration of gases. Tectonic control becomes evident in studying the efficiency of near-surface (1-2 m) gas surveys -about 80% in folded regions and about 60% within ancient cratons. The efficiency of gas surveys in cratonic regions becomes comparable with that of near-surface (1-2 m) gas surveys in mobile folded regions only at depths greater than 50 m.
INTRODUCTION
Tectonic motion causes differences in crustal thickness, in rock composition, age, physical properties and degree of rock discontinuity, in thermobaric conditions and in the occurrence of igneous and mud volcanism. Such variations predetermine the characteristics of hydrocarbon (HC) generation, migration, formation and accumulation preservation. Such tectonic activity causes the individual features of present day HC fields in different tectonic settings.
For the Caspian Sea setting the most contrasting distinctions are between cratonic and folded regions. Transitional zones (foredeeps separating cratonic areas from folded domains) occupy an intermediate position (Figure 1 ). Existing distinctions in present day geologic structures impact fluid flow regimes (Ciotoli et al., 1998; Kouznetsov et al., 1995) , as well as influencing quantitative and qualitative gas field parameters of various domains of the Earth (sedimentary cover, hydrosphere and atmosphere).
Results of multi-year experimental studies on gas fields and tectonic conditions confirm the impact of such effects on gas field patterns of behaviour. Figure 1 . Schematic display of the boundaries between the major tectonic elements mentioned in the text.
METHODS
The role of tectonics in the gas regime of near-surface sediments was studied with radon, the concentration of which was recorded using the alpha-track method in 1 m deep boreholes. The duration of exposure was 24 hours. The hydrosphere of the Caspian Sea was studied along 9 standard and 2 additional lines at 126 stations ( Figure 2 ).
Two profiles (II and III) with 13 stations are situated within the Northern Caspian Sea, 4 profiles (IV-VII) with 40 stations in the Central Caspian Sea, and 5 profiles (VIII-X) with 73 stations in the South Caspian Sea. Forty percent of the stations are situated where water depth does not exceed 50 m (Guseynov & Dadashev, 2000) . Water sampling was carried out with a specially designed marine sampler (Dadashev et al., 1976) . The samples were degassed under vacuum using a deaerator, tailor-made for gas desorption immediately in the sampling barrel. Samples of gas were analyzed with a gas chromatograph. All analytical work was done directly on the ship.
On regional lines at each station samples were taken at depths of 0, 50, 100, 150, 200 m and every 100 m for deeper water. In addition at each station sea-bottom water was also sampled. For the stations where depth was less than 50 m only sea-bottom and surface water samples were taken. In total 1200 samples of sea water were collected. Figure 2. Location scheme of multi-year geochemical monitoring lines and sites for the Caspian Sea: 1 -regional lines and measurement stations; 2 -sites of detailed gas surveys.
Atmospheric methane measurements were carried out with an airborne He-Ne laser. Air samples were taken from the undisturbed zone in front of the airplane. Collecting duration of one sample was approx. 1 min, which equated to 4 km of flight. Maximum dispersion of measurements made on flights at fixed altitude over the same surface area (limited to 100 km linear dimension) was within ± 10% of the mean value. Concentration of methane was determined in volumetric parts per million (ppm), which equates to 10 -4 %. Altogether some 400 measurements were taken at various altitudes (0 -5000 m). All measurements were conducted in October to exclude the influence of seasonal fluctuations on sampling results.
RESULTS

Tectonic control on gas regimes
Near-surface sediments Experiments to investigate the dependence of the underground radon flux on tectonic conditions involved synchronous measurements (at 10:00 in the morning) for a month at two locations: in the village of Svoboda in Stavropol, Russia (Nothern Caucasus) and in the town of Dubna near Moscow (the East European craton) (for locations see Figure 1 ). The Dubna measurements were carried out in two closely located boreholes. No essential difference in average background levels of natural radioactivity of soils was recorded at these localities. During the measurement period daily average air temperature and atmospheric pressure varied: in Dubna, within the range 0 -14°C (mean 7.7°C) and 971-1006 mb (mean 991 mb); in Svoboda village within the range 7-18°C (mean 10.8°C) and 957-1001 mb (mean 986 mb), respectively. Over the observation period atmospheric precipitation was noted at both localities.
Measurements of radon flux in the closely located wells in Dubna showed that the fluctuation patterns were comparable. A slight difference is apparently related to lithofacial characteristics of the rocks. Radon fluxes in these two wells are considerably lower than those in Svoboda village (Table 1 and Figure 3 ). 
Hydrosphere
The Caspian Sea is unique for studying the role of tectonics in the gas regime of the hydrosphere, as its longitudinal extension covers parts of three large-scale different age geostructural zones: the ancient East European craton (the North Caspian Sea), a young Scythian-Turan platform (the Central Caspian Sea), Terek-Caspian foredeep and an alpine geosyncline (the South Caspian Sea). Studies conducted on regional hydrocarbon gas fields in the Caspian Sea water column allowed one to establish a regular increase from north to south (North -Central -South Caspian Sea) in concentrations of both methane and its homologues ( Table 2 and Figure 4 ), which may be due to changes in tectonic conditions for migration and discharge of HC gases from the subsurface into the water mass. 
Surface atmosphere
Measurements of methane concentration in the atmosphere were carried out over the Rostov region, Krasnodar Territory and other areas of Russia, the Donetsk region of Ukraine as well as Uzbekistan, Kazakhstan, Turkmenistan, Azerbaijan and Georgia.
These territories encompass such major tectonic units as the ancient East European craton and Scythian-Turanian epihercynian young craton, along with an alpine geosynclinal region including the South Caspian megadepression. Methane concentration measurements taken 50-150 m above surface showed that as one passed from the geosyncline regions through the intermediate zone (foredeep) and further to the ancient craton the average methane concentration in lower atmospheric strata consistently decreased from 3.62 (67) through 2.56 (143) to 1.70 (13), respectively (number of measurements in parentheses). Tectonic control on methane concentration becomes apparent when surface atmospheric methane contents are compared for different parts of the same region located in tectonically distinct zones (Table 3) . Tectonic control on the efficiency of gas surveys Folded regions, characterized by a high degree of dislocation and present day geodynamic activity, have conditions so favourable for fluid migration that, unlike the cratonic regions, gas shows are very frequent at the surface, including those associated with mud volcanoes. Dissimilar conditions for gas migration in different geotectonic regions determine distinctions in aureole dispersion of HC gases from oil and gas accumulations and such, in turn, have effects on the efficiency of near-surface gas geochemical exploration (gas surveys). Yasenev (1959) was the first to establish that, in geosyncline regions, the gas survey efficiency is notably higher than on cratons (81% versus 44%).
This conclusion was later confirmed by results of a near-surface (1-2 m) gas survey in Azerbaijan (Zorkin et al., 1982) , territorially confined to the mobile Alpine-Himalayan tectonic belt. Here the positive prediction of subsurface oil and gas content based on gas survey evidence averaged about 70%. Figure 5 exemplifies the distribution of HC gases in a water column above the oil and gas-bearing structure of Bahar, offshore Azerbaijan, and in near-surface deposits above the structure of Teleti, Georgia.
Collection and generalization of results of a near-surface (2-3 m) gas survey in Russia (the East European craton) allowed evaluation of the average efficiency at about 44%. According to Table 4 , containing a regional generalization of near-surface gas survey results, the efficiency is almost 1.5 times higher in the active alpine tectonic belt.
DISCUSSION
Findings of the studies on gas fields occurring in different geotectonic regions permit one to conclude that tectonics plays a significant role. This inference is based on the observed substantial distinctions in the subsoil radon flux intensity between Svoboda village and Dubna town, and on the features of regional gas fields in the Caspian Sea water column.
The results confirm those of earlier studies (Jones and Drozd, 1983; Jones et al., 2000; Link, 1952; LeBlanc and Jones, 2004) .
Of interest are results of investigations on oceanic gas fields (Mekhtiyev et al. 1974 ) occurring in differing geostructural zones: in Norwegian and Barents Seas (ancient cratonic areas), in the Central Caspian Sea (intrageosyncline), and in the Black Sea (geosyncline). All results showed that methane and helium concentrations in bottom sediments are minimal in the seas of ancient cratons and maximal in the seas located within mobile geosynclinal areas. Intermediate values of these parameters are characteristic of the sea associated with intrageosyncline (Table 5 ). Voytov (1978) examined the relationship between tectonic conditions and flows of various gases from the Earth's surface into the atmosphere. Considerably higher flows occur in mobile Alpine folded regions in comparison with the Ukrainian and Baltic shields which have low activity subsurface geodynamics (Table 6 ). Taken together the above results indicate tectonic control on the subsurface gas regime, reflected not only in near-surface deposits and the land hydrosphere, but even in the surface atmosphere. Tectonic control is determined by the difference in conditions of subvertical gas migration and, hence, by the intensity of the discharge from the subsurface into the atmosphere. Ancient cratonic regions are among the tectonically most quiescent domains where the processes of subvertical gas migration are impeded and hence their flux is relatively low. In geosyncline regions, notable for mobility, with folding and high seismicity, there are more favourable conditions for subvertical dispersion of gases owing to the constant renewal of existing (and initiation of new) highly permeable migration pathways (fracture system, dislocations, and faults), as is verified by a good correlation between methane distribution in the atmosphere, vertical movement amplitude of the Earth's crust and subsurface seismicity ( Figures 6 and 7) . Thus, subvertical migration processes are reasonably reflected in the efficiency of near-surface gas surveys determined by the intensity of HC gas dissipation from commercial oil and gas accumulations. In mobile geosyncline regions commercial HC accumulations are quite reliably recorded not only in nearsurface deposits and the hydrosphere, but in the surface atmosphere as well. In tectonically stable regions the efficiency of near-surface geochemical searches for oil and gas is low and a higher efficiency is attained with deeper surveys to 150-500 m depth (Table 7) . Table 7 data shows that gas survey efficiencies in cratonic regions are comparable with those of near-surface (1 -2 m) gas surveys in mobile geosyncline regions only at depths greater than 50 m. However, enhancement of prospecting efficiency of deep gas surveys in tectonically quiescent regions leads to a rise in the cost of exploration and so to a decrease of the economic efficiency. 
CONCLUSIONS
To sum up, the following main conclusions can be advanced:
• Parameters of gas fields for the near-surface lithospheric layer, hydrosphere and surface atmosphere of sedimentary basins were established to be tectonically controlled; • Mobile and highly dislocated folded regions (as opposed to tectonically stable ancient cratons) are characterized by more favourable conditions for subvertical migration of gases from the subsurface to the Earth's surface that determines a relatively high efficiency of surface gas surveys aimed at the discovery of commercial hydrocarbon accumulations;
• Efficiency of gas surveys in cratonic regions becomes comparable with those of near-surface (1-2 m) gas surveys in mobile folded regions only when taken at depths greater than 50 m.
